Many normal cell lines are known to regulate degradation of long-half-life proteins as they pass from the exponential growth phase into the stationary phase as confluence is reached: increases of up to 50% have been reported (Hendil, 1977; Tanaka & Ichihara, 1976; Dean & Cockle, 1981; Cockle & Dean, 1982a; . In contrast, transformed cells seem to have lost this capacity (Hendil, 1977; Cockle & Dean, 1982a; . Protein degradation is also regulated by hormones and nutrients (for review see Ballard, 1978) and can be increased markedly in cells in culture by removal of serum from the medium: such 'accelerated' proteolysis seems to be a function mainly of the lysosomal system (Dean, 1975; Amenta et al., 1977) . Warburton & Poole (1977) have shown a close Abbreviations used: Z-Phe-Ala-CHN2, benzyloxycarbonyl-phenylalanyl-alanyldiazomethane; SV40, simian virus 40.
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inverse correlation between protein degradation and cell division by varying serum or growthfactor concentration in culture media. If changes in proteolysis with culture density (the number of cells/cm2) are similarly dependent on a change in the rate of cell division in the opposite sense, then this inability of transformed cells to control their proteolysis may be explained simply by their capacity for density-independent growth. Alternatively, as suggested by Warburton & Poole (1977) and Ballard et al. (1981) , these two phenomena may be in a converse relationship, in which a change in the rate of proteolysis contributes to the determination of growth rate.
We have studied these possibilities in the present paper, by examining regulation of proteolysis with cell density in normal 3T3 and in their transformed counterparts. We have used both normal growth conditions and low-serum conditions, in which normal cells become quiescent at any cell densities owing to depletion of growth factors. We have also used several lysosomotropic agents to examine lysosomal contributions to proteolysis in each condition (as described previously for normal cells in serum-sufficient conditions: Cockle & Dean, 1982b) .
Materials and methods
These were as described previously (Cockle & Dean, 1982a,b) (Cockle & Dean, 1982a) , two different methods were used for studying such regulation. In the first, cells were grown either to confluence or to exponential phase, labelled, and their protein degradation was followed in situ. In the second, cells were prelabelled in standard conditions, resuspended by trypsin treatment and re-plated in tissue-culture tubes at the required range of densities for immediate study of proteolysis. This method had the advantage that any cells that detached from the monolayers but remained viable could be easily centrifuged into the cell layer when necesary during washing procedures, so that cells were not lost from the system during the progress of the experiments. Only the latter method was used in the present work, because with the transformed cells peeling of the cells from the flat tissue-culture surfaces was a persistent problem, which it was necessary to avoid. In addition, a continuous confluent layer of cells could be much more easily obtained in culture tubes than in dishes, which often leave areas in the centre virtually devoid of cells, especially after cells have been directly plated at very high culture density.
Degradation of long-half-life proteins was studied by the procedures that we described previously, with labelling for 16h before degradation experiments and for 24 h for measurements of protein synthesis. In contrast, some other authors (e.g. For DNA-synthesis measurements, cells were treated in parallel and in an identical manner with those used for degradation, except that label was omitted from the tissue-culture flasks and, after the 3h period for cell adherence, the medium was replaced with minimal essential medium containing 1% or 10% heat-inactivated foetal-calf serum, antibiotics, 10mM-leucine, 54ug of thymidine/ml and 1 UCi of [3H]thymidine/ml. Decreasing the serum concentration to 1% was sufficient to restrict growth, and gave good cell viabilities; 0% serum was much less satisfactory in the latter respect. Labelling was continued for the same time period as degradation. The cells were then washed five times with 10% trichloroacetic acid containing Syg of thymidine/ml, and the precipitated cells were then dissolved in 90% formic acid. The whole cell fraction was taken for scintillation counting, and DNA synthesis was also expressed as d.p.m. incorporated/ 104 cells.
For both protein and DNA synthesis it was necessary to centrifuge the cell fractions at 3000g for 10min between washes, and for this reason 0.1 ml of 10% (w/v) bovine serum albumin was added before the trichloroacetic acid to these tubes.
Background incorporation of both leucine and thymidine radioactivity was measured in a variety of different conditions, and in all cases was 
Results and discussion
Protein turnover and growth of normal 3T3 fibroblasts As described previously (Cockle & Dean, 1982a) , protein degradation increases gradually but significantly with culture density in normal 3T3 fibroblasts in 10% serum (Fig. lai) (Fig. laii) , as described previously for other transformed cells (Cockle & Dean, 1982a ). There was a small increase in degradation at a cell density of 20 x 1 04/tube, but this regulation was very slight compared with that observed in normal fibroblasts over the same range (Fig. lai) . In addition, rates of degradation in transformed cells at all densities in 10% serum were significantly lower than rates of degradation in normal cells even at the lowest cell densities, 2 x 104. These results are consistent with those of Gunn et al. (1977) and Ballard et al. (1980) , although low degradation rates may not be universal in transformed cells (Baxter & Stanners, 1978; Cockle & Dean, 1982a) . It is possible that lower rates of degradation are achieved in normal cells at densities below 2.5 x 104cells/tube.
Unexpectedly, transformed cells grown in 1% serum show a gradual but significant regulation of degradation over the range of cell densities used (Fig. laii) (Ballard et al., 1981) are thus an oversimplification, and only hold at low cell densities for SV40-transformed 3T3 cells.
In contrast with normal cells, transformed cells in 10% serum show no significant decrease in DNA synthesis over the entire range of cell densities (Fig. lcii) , revealing their ability for densityindependent growth; in addition, thymidine incorporation is similar to that in normal cells at the lowest cell density. DNA synthesis is less in 1% than in I10% serum, and shows a small but significant decrease at higher densities (15 x 104-20 x 104cells/tube). Nevertheless, even at the highest density DNA synthesis is considerably higher than in normal cells. These findings exemplify the idea that growth of transformed cells is less sensitive to changes in growth-factor concentration than is that of normal cells. It is interesting that a response of proteolysis to changing cell density is observed for both transformed and normal cells in 1% serum. This implies that this proteolytic change is not consequent on changes in cell growth.
Protein synthesis in the transformed cells growing in 10% serum changes only slightly over the density range studied, but there is a larger decrease (approx. 12%) in the presence of 1% serum (Fig.   lbii ). This decrease is considerably smaller than that of normal cells in either serum condition.
The results together suggest that the continued growth and therefore net protein accumulation with increasing cell density of transformed cells growing in serum-sufficient conditions is accompanied by a lower capacity for regulation of both protein degradation and synthesis. In 1% serum, regulation of proteolysis in these cells is almost as effective as that of normal cells, whereas the de-crease in protein synthesis with increasing density is much smaller than that in normal cells; thus changes in DNA synthesis are much slighter than those of normal cells. That proteolysis can be regulated without changes in cell division re-emphasizes the need to consider further whether it can contribute to, rather than only respond to, changes in cell growth. In the former case, local pharmacological control of protein degradation could have implications in the management of some cancers.
Lysosomal contributions to degradation
One possible explanation of the surprising findings above is that two different regulatory mechanisms operate on protein degradation in serumrestricted and -sufficient conditions, but the transformed cells only retain that which can operate in restricted conditions. We have previously presented evidence implying that lysosomes play a major role in the regulation of proteolysis with respect to cell density during serum-sufficiency (Cockle & Dean, 1982b) . In order to investigate this in transformed cells, we have studied the effect ofthe lysosomotropic agent NH4Cl (Fig. 2) and the group-specific proteinase inhibitors Z-Phe-Ala-CHN2 (Fig. 3) and leupeptin (Fig. 4) on degradation in cultures at low and high density in both serum concentrations.
NH4C1 seems to inhibit intracellular proteolysis by raising the intralysosomal pH (see Seglen et al., 1981) . As found previously (Cockle & Dean, 1982b) , it has a marked inhibitory effect on protein degradation in normal 3T3 cells in 10% serum: inhibition is greater in confluent than in subconfluent cultures, such that the regulation in degradation is completely abolished at 20mM amine (Fig.  2bi) . In contrast, in normal cells in 1% serum (Fig.  2ai) , there is only a partial decrease in the regulation in cells at high density, although inhibition is marked at both cell densities.
NH4Cl also has a marked and similar inhibitory effect on proteolysis in the transformed 3T3 cells in 10% serum (Fig. 2bii) system may be responsible for the regulation in degradation at confluence in serum-sufficient normal cultures. However, the inability of NH4Cl to abolish the regulation in 1% serum suggest that a non-lysosomal component is involved. The similar response of normal and transformed cells in 1% serum to NH4Cl suggests that similar degradative mechanisms may be in action in each under these conditions. The derangement of degradation in transformed 3T3 cells (Cockle & Dean, 1982a ) is expressed primarily in 10% serum, where regulation essentially fails, again implying that mechanisms in low and high serum concentrations are distinct.
The lysosomotropic cysteine-proteinase inhibitor Z-Phe-Ala-CHN2 (Shaw & Dean, 1980) causes a substantial inhibition of degradation at both cell densities in normal 3T3 cells in 10% serum, and equalizes degradation rates in the two culture densities when given at 100 pg/ml (Fig. 3bi; Cockle & Dean, 1982b) . It also greatly decreases degradation at each cell density in normal cells in I1% serum, though rates at the two densities are not equalized (Fig. 3ai) . The inhibitor decreases degradation in SV40-transformed 3T3 cells essentially as it does in normal cells under all conditions studied, and again fails to equalize degradation rates in the cultures in 1% serum. The results with former could they equalize breakdown rates in subconfluent and confluent cells, leupeptin showed no such differential effect. It could not overcome the density-dependent breakdown regulation in 1% serum by either cell type. Table 1 gives a qualitative summary of the characteristics of degradation in the conditions under study, and the effects of the three inhibitors studied. This summary makes more readily apparent the indications that density-dependent regulatory mechanisms in serum-sufficient and serumrestricted conditions differ, that transformed 3T3 cells have lost the former, but not the latter, regulatory mechanism, and that lysosomes are of prime concern in the former regulation, whereas some non-lysosomal mechanism may be more important in the latter.
